This paper investigates how the association between cognitive achievement and self-rated health in middle age differs by race, and attempts to explain these differences. 
Introduction
While scores on cognitive achievement tests have played a prominent role in economic studies of racial wage gaps, measures of cognition have received scant attention in the otherwise deep literature on the socioeconomic determinants of health. Only a handful of published studies contain any empirical analysis of the relationship between cognition and health (Grossman 1975; Hartog & Oosterbeek 1998; Gottfredson & Deary 2004; Auld & Sidhu 2005; Heckman 2007; Cutler & LlerasMuney 2010) and none of these address potential racial differences in this association. 1 The paucity of research on this topic is surprising for multiple reasons. First, the incorporation of controls for cognitive achievement adds an important and novel characteristic to be analyzed alongside more traditionally used measures of socioeconomic status such as education and earnings. Perhaps more importantly, cognitive achievement is strongly correlated with early childhood experiences, and exploring its relationship with adult health may offer otherwise elusive information regarding critical pathways between socioeconomic background and health outcomes. The present paper seeks to begin filling this gap by estimating the determinants of adult health, among them a measure of cognitive achievement, for both black and white samples. The primary finding is that while the relationship between cognition and adult health is quite strong among whites, this relationship is much weaker or even absent entirely within the black population. The paper will proceed in four sections. The first section briefly describes the data, paying particular attention to the available measures of health and cognition. The second section presents the primary results and discusses their robustness and reliability. The third section explores two possible explanations for the primary findings, and presents additional empirical evidence on each explanation's validity. The fourth section considers possible alternative explanations and interpretations of the study's overall findings and concludes.
Data
1 In a working paper, Cutler and Lleras-Muney (2008) address racial differences in the education-health gradient, and find that association to be stronger among whites than among blacks. While their question is distinct from the one addressed here, their findings broadly in line with this study's results on the cognition-health gradient. 2 There has recently been strong and increasing interest in the relationship between childhood conditions and adult health. See for example Case, Lubtosky & Paxson 2002; Case, Fertig & Paxson 2005; and Frijters et al. 2010. The data used in this study is drawn from the National Longitudinal Survey of Youth (NLSY).
The NLSY began in 1979 with a sample of 12,686 individuals between the ages of 14 and 22, and respondents were eligible to be interviewed annually until 1994 and biennially thereafter, with the most recent wave available at the time of writing occurring in 2006. Retention rates were generally high, and by the time respondents began giving detailed health information in 1998 (see below), the response rate among eligible non-deceased participants was 86.7%.
Beginning in the 1998 wave of the NLSY, respondents were asked to complete a "40 and older health module", which among other items included a self rating of general health. Specifically, respondents were asked "in general, would you say your health is…" then given 5 choices ranging from poor to excellent. I have coded their responses so that higher numbers equate to better health.
Members of the youngest NLSY cohort completed the health module during the 2006 wave of the survey, creating for the first time a set of detailed health variables for the entire active sample. Since self-rated health is the most general measure of health available and not subject to biases relating to health care access and diagnoses, it is the dependant variable used throughout most of this study.
3
The NLSY contains a reliable measure of cognitive achievement as well. In 1980, 94% of the original 1979 sample completed all 10 sections of the Armed Services Vocational Aptitude Battery (ASVAB) exam. The primary proxy of cognitive ability used in this study is the sum of the respondent's score on the arithmetic reasoning, word knowledge and paragraph comprehension sections of the ASVAB plus one half their score on the numerical operations section of the test. This measure is commonly referred to as the Armed Forces Qualification Test (AFQT), and throughout this study it is measured in standard units, i.e. z-scores.
Since NLSY respondents were of different ages and had different levels of education at the time of testing, both of which have been shown to effect performance on the AFQT, unadjusted zscores cannot credibly be inserted directly into a regression equation. To address this issue I follow the adjustment strategy utilized by Auld & Sidhu (2005) . Their procedure first uses an estimate of the causal effect of education on AFQT score reported by Hansen, Heckman & Mullen (2003) , who estimated that each additional year of schooling causes an increase in AFQT score of .17 standard deviations, to subtract the portion of AFQT score due to education from each observation's unadjusted AFQT score. Then, the education-adjusted AFQT score is regressed on age at the time of testing, and the residuals of this regression are used as the adjusted AFQT measure.
4
The NLSY also contains a rich and detailed set of demographic and socioeconomic variables that are utilized in this study, and some of these warrant a brief explanation. First, beginning with the foundational work of Grossman (1972) , most health economists have conceptualized of health as a stock variable which reflects both current and previous values of important health determinants. Given this, in place of current income I use the mean of each respondent's annual household income between the ages of 22 and 38, and also include the standard deviation of income to account for income variability and insecurity. 5 Income data was inflated to 2006 dollars using the CPI-U-RS and is expressed in $10,000 increments.
Another important issue is controlling for childhood conditions that may impact adult health.
Unfortunately, since NLSY participants were first interviewed at ages 14-22, direct measures of childhood health and other important childhood variables are only sparsely available. To proxy for relevant genetic and childhood factors, I use variables giving the highest grade completed by both of the respondent's parents, the number of siblings in the respondent's household at age 14, and dummy variables indicating whether either or both of the respondent's parents had died before the age of 60.
In the results tables below, these variables are collectively referred to as "childhood controls."
Additionally, I make use of variables indicating highest grade completed, insurance coverage and marital status. For all of these variables I use their values at the time of health reporting, which is approximately 40 for each respondent. Finally, the analysis was conducted using sampling probability weights generated by the NLSY's online custom weighting program.
Results
4 Alternative adjustment strategies do exist. For example, one could simply regress the unadjusted AFQT score on age and education at time of testing, and then use the residuals of this regression as the adjusted AFQT measure. Alternatively, unadjusted AFQT score could be inserted directly into regression equations that also include age and education at the time of testing as covariates. The results of this study's preferred specification using these alternative adjustment strategies are reported in Table A1 of the web appendix, are similar to those in Section 2 below. 5 Since the oldest NLSY respondents were 22 during the first wave of the survey in 1979 and the first respondents to report self-rated health did so at age 39, ages 22-38 is the largest age range for which all active respondents have valid income observations.
One difficulty in analyzing the relationship between cognitive achievement and health is that cognition is known to be highly correlated with other important controls commonly included in health equations, particularly education and income. To help develop a clear understanding of the nature of the correlation between health and cognition, I begin by presenting simple bivariate regressions of self-rated health on AFQT score for white and black samples. These are reported in columns one and two of Table 1 , and have two important features. The first is that the relationship is strong and significant within both racial groups, while the second is that the relationship is substantially stronger for whites than for blacks. Among whites a standard deviation increase in adjusted AFQT score is associated with an improvement in self rated health of .273 points, but among blacks the comparable figure is just .168, a difference of .105 points. 6 The reported p-value shows that this difference is highly significant.
Next, I estimate specifications with progressively more controls. The model estimated in columns three and four of Since the inclusion of these controls further purges possible omitted factors that could influence both health and AFQT outcomes, this is the preferred specification. The racial differences in the cognitionhealth association are now even more striking than in the previous specifications. While the coefficient on AFQT score is reduced somewhat within the white population and is now .0776, in the black population the AFQT coefficient is not substantively or statistically different form zero, with a point estimate that is actually slightly negative at -.0123. The .0899 point difference between the black and white coefficients is statistically significant, with a p-value of .0184. Interestingly, the coefficients on the education and income variables are somewhat higher for blacks than for whites, suggesting that whatever is causing the differences in the AFQT coefficients may be unique to cognitive achievement. Figure 1 provides a graphical representation of the results from the preferred specification by using the regression coefficients to generate predicted AFQT-health gradients for blacks and whites.
The values of other variables are held constant at their overall population means, and to avoid overextrapolating into sparsely populated AFQT values, the gradients are graphed over a domain equal to the mean AFQT score of each racial group plus and minus 1.5 standard deviations. While the gradient for whites (solid line) has the expected upward slope, the black gradient (dashed line) is flat, which reflects the lack of an association between AFQT and self-rated health among blacks.
A number of specification checks were conducted to assess the robustness of the results in Table 1 , and are described here then reported in the web appendix. First, one may suspect that even though AFQT has no direct impact on the health of blacks, it may still be of importance as a mediating variable. For example blacks with high AFQT scores may be better able to convert increases in education or income into health. But interactions of AFQT and these other variables within the black sample return uniformly small and insignificant results. Alternatively, it may be that there is a positive relationship between AFQT and health among blacks, but only at high levels of AFQT. However, when quadratic and cubic AFQT terms are added to the specification, they are individually and jointly insignificant within the black sample, indicating a flat gradient throughout the AFQT distribution.
Also, AFQT remains insignificant within the black population even when the sample is restricted to individuals with AFQT scores above the overall population mean. Since self-rated health may vary in a proportionate instead of an absolute manner, the preferred specification was also re-estimated using the log of self-rated health, and the key results were similar to those in the linear model. Finally, the main result is robust to estimating the equations as ordered probits and to using an un-weighted version of the sample. The consistency of these results suggests it is unlikely that the racial difference in AFQT's health impact is an artifact of specification problems.
Explaining the Non-Effect of AFQT Score Among Blacks
Two possible explanations of the previous section's results will be analyzed here. The first is that health behaviors are an important intermediary between cognition and self-rated health, and that the observed racial differences in the AFQT-health gradient are the result of differences in the relevant behavioral relationships. The second is that the racial difference in the association between cognition and adult health is rooted in childhood and prenatal experiences, and in particular may derive from a weaker connection between cognition and health endowments among blacks than among whites.
Additional evidence on these two possibilities is reported below.
The Role of Health Behaviors
Perhaps the most intuitive reason why higher AFQT score would be associated with improved health is that AFQT may be positively associated with knowledge of health determinants and in turn with better health behaviors. The basic argument is that those with better cognitive skills are more capable of acquiring and processing often complex information about the precise behaviors which will result in good health, so that they are able to produce health more efficiently and optimally maintain higher levels of health. This idea was first put forth in the economics literature by Grossman (1972) and some empirical evidence in support of it has been found by Kenkel (1991) and by Gottfredson & Deary (2004) . If the relevant behavioral relationships were stronger among whites than among blacks, it would help explain why the overall AFQT-health association is stronger as well.
Since the measure of general health used in this study is self-rated health, there are actually two distinct behavior related mechanisms through which the observed racial differences could arise.
On the one hand, there may be racial differences in the observed behaviors of individuals with varying cognitive abilities. On the other hand, and somewhat less intuitively, the relationship between given health behaviors and self-rated health may be different for blacks than for whites.
As a first step in analyzing the importance of health behaviors in generating this paper's main result, I assess how controlling for health behaviors effects the overall racial difference in the AFQThealth association. To do so, the final two columns of Table 1 add three measures of health related behaviors to the preferred specification: whether the respondent has ever been a smoker, whether they reported heavy drinking in the last month, 7 and whether they had a body mass index (BMI) over 30, which is a standard definition of obesity. 8 The smoking and drinking variables are direct measures of 7 Heavy drinking is defined as having drank 10 or more days in the past month and averaging 3 or more drinks per drinking occurrence. Reasonable changes in either part of this definition do not significantly change the results. 8 While adding these variables is useful for the current purpose of assessing the role played by racial differences in behavioral factors, the model in columns five and six of Table 1 remains the preferred specification. This is because health behaviors could be viewed as legitimate health outcomes themselves, and thus conditioning on them may obscure the primary relationship of interest.
health behaviors, while the obesity variable is intended to proxy for behaviors related to diet and exercise.
The results suggest that differences in health related behaviors are a major contributor to the racial gap in the AFQT-health gradient. Whereas before the inclusion of behavioral variables this gap was .0899, afterwards it was reduced to .0588, an overall reduction of .0311 points or 35%, and the difference is no longer statistically significant. Methodologically, this approach is similar to the one used by Cutler & Lleras-Muney (2010) to decompose the education-health behaviors gradient, and a reasonable interpretation of the reduced gap is that 35% of the overall racial difference in the association between AFQT and self-rated health is due to differences in behavioral factors. This overall reduction could be due to either a larger response of adverse health behaviors to increased AFQT among whites, or to racial differences in how a given set of behaviors affects self-rated health.
I address these two possibilities in turn. Table 2 presents the results from regressions relating observable health behaviors to AFQT by race. For each health behavior variable, estimates from both bivariate and more fully specified models are reported for white and black subsamples. To ease the interpretation of the coefficients, all models are estimated with OLS, but using other estimation strategies such as logit or probit models does not change the basic nature of the results. The covariates in the fully specified models are highest grade completed, average annual adult household income and its standard deviation, gender and childhood controls identical to those used in Table 1.   9 With respect to smoking, the bivariate results indicate that among whites a standard deviation increase in AFQT score reduces the probability of ever having smoked by approximately 11.3%, while the comparable figure among blacks is only 7.4%, and this difference is statistically significant. After adding the additional covariates, the white coefficient falls substantially but remains statistically significant and indicates that a standard deviation increase in AFQT reduces the probability of ever having smoked by approximately 2.7%, while the black coefficient falls almost to zero and is no longer statistically significant. Also, the difference between the black and white coefficients is no longer statistically significant.
The effects of AFQT score in the models with an indicator of heavy drinking as the dependant variable yield less clear results. In the bivariate models, higher AFQT score reduces the likelihood of 9 The marriage and insurance variables are left out of these models due to endogeneity concerns.
heavy drinking among both racial groups, but these effects are small and statistically insignificant. If anything, the bivariate point estimates suggest that AFQT score reduces heavy drinking more among blacks than among whites. In the more fully specified models, a one standard deviation increase in AFQT score unexpectedly increases the probability of heavy drinking among whites by a statistically significant margin of about 2%, while the effect for blacks remains small and insignificantly negative.
The difference between the white and black AFQT coefficients in these models is statistically significant.
Turning to the obesity equations, the bivariate specifications show that increased AFQT score is associated with a substantially reduced probability of obesity within both racial groups, but that the effect is considerably stronger for whites. Among whites, a standard deviation increase in AFQT score reduces the probability of obesity by approximately 4.3%, while among blacks a standard deviation increase in AFQT score reduces the probability of obesity by only approximately 2.9%, although the difference between the white and black coefficients is not statistically significant. In addition to lacking statistical significance in the bivariate specification, racial differences favoring whites disappear in the more saturated model. After conditioning on the additional controls, the white AFQTobesity relationship is effectively reduced to zero, while the relationship for blacks actually increases somewhat in magnitude, and now indicates that a standard deviation increase in AFQT reduces the probability of obesity by approximately 3.7%. Also, the difference between the white and black AFQT coefficients becomes significant at the 5% level.
Overall, the results from Table 2 suggest that AFQT does not have a more favorable impact on health behaviors for whites than for blacks. Given this, I now turn to investigating racial differences in the relationship between a given set of health behaviors and self-rated health. In particular, I analyze the coefficients on the behavioral variables in the final two columns of Table 1 . The coefficients on the indicator of heavy drinking are insignificant for both racial groups, although it is noteworthy that the point estimate in the black sample of -.136 is considerably larger its counterpart of -.0372 in the white sample. However, a Chow test (not shown) indicates that this difference is not statistically significant.
For the smoking and obesity indicators, the coefficients in the white sample are much larger than those for the black sample. Specifically, the white and black smoking coefficients are -.175 and -.0614, respectively and the white and black obesity coefficients are -.424 and -.272, respectively.
Chow tests (not shown) indicate that both of these differences are statistically significant. These results demonstrate that when blacks avoid smoking or obesity, they report moderately better general health, but that when whites avoid these same unhealthy behavioral traits they report far greater improvements in their general health. These differences likely account for a substantial portion of the overall black-white difference in the AFQT-health gradient.
Taking into account all of the evidence presented above, it may be most accurate to say that racial differences in behavioral factors are likely to account for some, but certainly not all, of the overall racial difference in the AFQT-health gradient. Additionally, it appears that racial differences in the relationship between self-rated general health and given health behaviors are a more important factor than racial differences in the relationship between AFQT score and specific health behaviors.
Taking into account the role of both mechanisms, behavioral factors can explain about one third of the overall racial gap in the AFQT-health gradient, which while certainly substantial, still leaves and a sizeable portion of the gap to be explained by other causes. The next subsection considers one such additional explanation, the role of early experiences and health endowments.
The Role of Early Experiences
While the behaviorally driven explanations explored above were causal in nature, an alternative explanation is that both high cognition and good health are associated with a third factor not controlled for in the regressions from Table 1 The prenatal and early childhood experiences of a given individual depend mostly on the decisions or circumstances of that individual's parents, and the parental practices which lead to high health endowments seem likely to overlap considerably with the parental practices that encourage high AFQT scores. Given this, we might expect to observe a positive association between AFQT score and health endowment that is driven by their shared association with a particular set of parental practices. The existence and strength of such an AFQT-health endowment association early in life could help to explain the existence and strength of the more general AFQT-health association later in life as well. Of course, any racial differences in the AFQT-health endowment association are of particular interest in the present paper.
The empirical strategy pursued in this subsection is to first quantify any racial differences in the association between cognitive achievement scores and health endowments, and then to add controls for relevant parental behaviors and observe whether any such racial differences are attenuated. In order to implement this strategy, two important issues must be resolved. First, a credible measurement of health endowment must be obtained. Second, among the same individuals for whom health endowment is measured, an indicator of cognitive achievement is needed as well. Resolving these issues required using data on the children of NLSY respondents, and I explain my approach in these associations are at least in part causal, because adverse prenatal environments can exert a direct impact on organ development. This is due to the fact that when a fetus does not receive adequate nutrition for normal rates of cell division and development, it tends to focus on protecting normal brain development even when it comes at the expense of organ development, which in addition to reducing birth weight may 'pre-program' specific organs to fail later in life (Barker 1997; Smith 1999 ).
Beyond being a consistent marker of later health outcomes, it is reasonable to believe that parental behaviors, as opposed to solely genetic or stochastic factors, have an important impact on birth weight. The relationship between birth weight and intrauterine environment is quite strong and intrauterine environment generally plays a much larger role than genetics in determining birth weight, as evidenced by data showing that the birth weights of half siblings who share a father have a correlation coefficient of just .1, whereas the comparable statistic for those who share a mother is .58 (Barker 1997) . While some of this relationship may be driven by non-genetic physiological traits such as the size of the mother's uterus, behavioral factors like smoking cessation, maternal nutrition, and prenatal medical care also seem likely to play an important role.
NLSY participants were first interviewed between ages 14 and 22, and their birth weights were never collected. Also unavailable are proxies of the prenatal environment that NLSY respondents were subject to prior to birth, such as the behaviors of their mothers during pregnancy. However, as the NLSY participants themselves became parents, the survey did collect detailed data on their own behaviors during pregnancy and recorded the birth weights of their children. It is this information on the children of NLSY respondents that I use in my analysis.
But in order to measure the association between cognition and health endowment among the children of NLSY respondents, a measure of the children's cognitive achievement is of course needed as well. One available proxy for the cognitive achievement of the children of NLSY respondents is the AFQT score of their mothers. But should we expect parental AFQT to do a reasonably good job of predicting the cognitive achievement levels of the next generation? There is a large literature on the intergenerational transmission of cognitive achievement which spans all of the social sciences as well as research by neuroscientists and biologists, and it strongly suggests that parental AFQT scores are a reasonable proxy for children's AFQT scores. Despite extensive controversy over the exact portion of IQ or general intelligence 'g' (both of which strongly correlate to AFQT score) which is environmentally as opposed to genetically determined, there is little question that performance on achievement tests is strongly correlated between generations. Flynn (2000) averages estimates from 141 studies and reports a mean estimated correlation coefficient between average parent IQ and child IQ of .71.
Given this, the first two columns of Table 3 regress birth weight measured in grams on maternal AFQT score and controls for maternal income, educational attainment and age at the time of birth for samples of white and black mothers. 10 11 The results provide some evidence that the relationship between cognition and health endowment varies by race. The results in the first column of Table 3 indicates that among whites, a standard deviation increase in maternal AFQT score is associated with an increase in birth weight of 56 grams, and that this relationship is significant at the 5% level. In contrast, the second column shows that among blacks a standard deviation increase in maternal AFQT score is associated with an increase in child birth weight of only 31 grams, 25 grams less than among whites, and that this relationship fails to approach statistical significance at 10 The birth weight variable, as well as the maternal behavior variables in subsequent models, are measured in reference to the first live birth of female NLSY participants who reported at least one live birth. The rationale for restricting the analysis to first live births is that higher order births may vary in systematic ways from first births, and the only order of birth that is universal to all women who have had a live birth is the first. 11 It may be the case that eventual educational attainment and income are better representations of socioeconomic status than educational attainment and income at the time of first birth. Using these alternative measures preserves the basic nature of the results reported in Table 3 , and in fact non-trivially widens the racial gap in the impact of AFQT.
conventional levels. Despite this discrepancy in point estimates, the difference between the white and black AFQT coefficients is not statistically significant.
To put these estimates in context, the mean population-wide mean birth weight in the present sample is 3,256 grams, so that the 25 gram disparity between the white and black AFQT coefficients represents .77% of average birth weight. The overall white-black difference in birth weight may be a more appropriate point of reference, given that this gap is a major area of policy concern and research (Kleinman & Kessel 1987; Nepomnyaschy 2010) . Within the present data, the mean birth weights among white and black mothers are 3,296 grams and 3,068 grams, respectively. This is a difference of 228 grams, so the 25 gram discrepancy in the white and black AFQT coefficients is equivalent to about 11% of the overall racial gap in birth weights. While modest, these magnitudes are not trivial, and it is certainly plausible that they could have a discernable impact on the strength of the cognitionhealth relationship in adulthood.
Of course, the models estimated in columns one and two of Table 3 did not control for maternal behaviors during pregnancy, and such behaviors may be an important intermediary factor leading to an association between cognition and health endowment. Given this, the racial differences in the strength of the overall relationship observed thus far may simply be due to racial differences in the relationship between maternal cognition and maternal behaviors during pregnancy. To test whether this is the case, the third and fourth columns of Table 3 add controls for four important maternal behaviors during pregnancy. These measures are indicators of whether the mother reduced or eliminated drinking, smoking and salt consumption during pregnancy, and whether she received regular prenatal medical care. These variables are all potentially important direct determinants of child health endowment, and are likely to be associated with other important unobserved behaviors as well.
The results in columns three and four show that racial differences in the relationship between maternal AFQT and child birth weight remain after controlling for maternal behaviors during pregnancy. The effect of a standard deviation increase in AFQT on the birth weight of white children falls modestly to 49 grams and remains significant at the 10% level, while the analogous estimate for black children is virtually unchanged at 32 grams and remains insignificant. The difference in AFQT coefficients is now 17 grams, which is equivalent to about 7.5% of the overall racial gap in birth weight. These results suggest that the stronger AFQT-health endowment relationship among whites is not simply an artifact of racial differences in maternal behaviors during pregnancy, although again the difference between the white and black AFQT coefficients is not statistically significant.
In addition to the noted lack of statistical significance in the differences between the black and white AFQT coefficients, it should be pointed out that the coefficients on educational attainment and income in the black sample are considerably larger than those in the white sample. This is especially true after controlling for maternal behaviors. Since cognition, education and income are all highly related, the results leave open the possibility that despite cognition playing a different role for the two racial groups, black and white individuals with generally comparable socioeconomic backgrounds may still be reasonably expected to have similar birth weight outcomes as well. While these considerations make the evidence in Table 3 less than conclusive, the results are still suggestive of a potentially important racial difference in the relationship between cognition and health endowments, and such a difference could be a contributing factor to this paper's main result.
Discussion and Conclusion
The most important finding of this paper has been that the relationship between cognitive achievement and self-rated health at middle age is much stronger for whites than for blacks. Two lines of explanation for this result have been proposed and, to the extent possible, tested empirically. The first was that the relationship between behavioral factors and cognitive achievement varies by race.
Tests using smoking, heavy drinking and obesity indicated that behavioral factors play a substantial role in generating the paper's main finding, and that most of their effect seems to be due to smoking and obesity being less closely linked to the self-rated health of blacks than they are to the self-rated health of whites. The second proposed explanation was that racial differences in the adult AFQThealth gradient may derive from differences in that gradient early in life, and in particular may derive from a weaker association between maternal cognitive ability and children's health endowment among blacks. Some evidence of a weaker relationship between maternal AFQT and child health endowment for blacks was found, and that weaker association did not appear to be an artifact of differences in the maternal behaviors of black and white mothers with similar AFQT scores. However, these racial differences were modest in scale and were not statistically significant.
In general though, a substantial portion of the core result remains unexplained. Since the two most important variables of the analysis (AFQT score and self-rated health) may have significant subjective components that could vary across cultural groups, it is natural to hypothesize that racial bias in one or both of these measures accounts for the remaining racial gap. While racial bias in the AFQT does not appear to be a likely explanation for this paper's main result, the reliability of the self-rated health variable for comparisons across racial groups remains an area of potential concern. Perhaps it is the case that due to cultural differences in health perception, self-rated health varies along racial lines even when true underlying health does not. One specific form of health reporting bias that could erroneously produce this study's main finding is a "ceiling effect" among blacks, in which self-rated health measures rarely exceed a given level, irrespective of underlying health. While there is some previous evidence that self-rated health is a non-racially biased predictor of observable health conditions and mortality, 13 this issue has not received enormous attention and there is currently no consensus among researchers as to whether blacks and whites exhibit systematically different self-ratings of health.
One simple method of assessing racial health reporting biases, including a possible ceiling effect, is to visually examine the white and black distributions of self-rated health, which are presented in Figure 2 . The figure shows that while the white distribution is certainly more favorable overall than the black distribution, most of this racial difference occurs in the middle range of health 12 For example, Neal & Johnson (1996) find that for black and white men the coefficients on standardized AFQT score in log wage equations are .208 and .183, respectively, while the coefficients for black and white women are .223 and .189, respectively. Similarly, Rodgers & Spriggs (1996) used adjusted AFQT percentile score in a log wage equation and found coefficients of .0053 and .0052 for black and white men, and coefficients of .0079 and .0069 for black and white women, although it should be noted that Rodgers & Spriggs emphasize the fact that the constants in the two equations typically differ by a statistically significant amount.
ratings, as opposed to in the tails. In particular, while blacks are less likely to report the highest possible health rating of 5 (18.4% as compared to 23.5% for whites) Figure 2 displays no obvious ceiling effect among blacks. 14 Furthermore, even if we assume that meaningful culturally generated reporting biases exist and that they reduce the overall level of self-rated health among blacks, that would not explain why the effect of a trait like AFQT score is negligible in the black sample.
Although racial biases in either the AFQT or self-rated health appear unlikely to account for this study's main results, it is noteworthy that the results are broadly consistent with a theory of racial health gaps known as "the weathering hypothesis" (Geronimous, Hicken, Keene & Bound 2006). The basic underlying concept of the weathering hypothesis is allostatic load. Allostasis refers to the ability to achieve stability through change, and allostatic load is used in a medical context to describe the cumulative health burden of defensive physiological reactions to external threats and stressors (McEwen 1998) . Examples of allostatic responses are when the body elevates epinephrine (adrenaline) levels or releases cortisol when confronted with an external threat. While these reactions are ideal for short term survival, regular or prolonged periods of elevated allostatic demands may take a cumulative toll on blood pressure, heart rate, and immune system functioning (McEwen 1998; Smith 1999) .
It has been shown that allostatic load levels are generally higher for blacks than for whites, even after controlling for education and income, and the weathering hypothesis holds that the remaining racial gap is due to the cumulative effects of subtle forms of discrimination and from relatively immutable features of day to day life for blacks in the US (Geronimous, Hicken, Keene & Bound 2006). These features may include residential segregation, overexposure to air and water toxins, differential treatment within the health care system, or at the most basic level simply the increased stress associated with being part of a historically marginalized minority population.
If the institutionalized forms of discrimination posited by the weathering hypothesis do play an important role in overall racial health disparities, they may also help to explain the irresponsiveness of health to increased cognitive achievement scores among blacks documented here. As one illustrative example, it is unlikely that marginal increases in AFQT score would help blacks avoid environmental hazards if those hazards are linked not to daily behavioral decisions but rather to historically-rooted residential segregation. Similar reasoning can be applied to my findings on health behaviors and 14 The racial difference in the proportion of individuals giving the best possible health rating becomes smaller when the analysis is restricted to individuals in relatively good health. For example, among respondents who gave health ratings of either 4 or 5, 36.2% of whites and 34.8% of blacks gave the highest possible rating.
health endowments. In both cases, the evidence suggested that the relevant behavioral responses of blacks and whites to increased cognitive scores were similar, but that for blacks those behavioral changes were less strongly associated with better self-rated health or higher health endowments. A weathering based interpretation of these findings is that institutionalized discriminatory factors may prevent blacks from converting healthy behaviors into enhanced general health or higher health endowments in the next generation.
While generally consistent with the evidence presented in this paper, the weathering hypothesis clearly does not constitute a complete explanation of the residual racial difference in the relationship between cognitive achievement and health. A fully satisfactory explanation of that residual will require further research on the mechanisms through which cognition is related to health and on how those mechanisms may be interrupted.
The first four columns of Table A1 present versions of the paper's preferred specification using alternative methods of adjusting AFQT score to account for age and education when the AFQT was taken. The first and second columns show results for the white and black samples when age and education at the time of testing are simply added as covariates. Within the white sample, the AFQT coefficient is .0943 and is highly significant, but within the black sample the AFQT coefficient is slightly negative at -.00731 and is not statistically significant. The difference between the white and black AFQT coefficients is highly significant, with a p-value of .0086.
The third and fourth columns of Table A1 show results where each respondent's adjusted AFQT measure is the residual from a regression with AFQT score as the dependant variable and age and education at the time of testing as the independent variables. With this alternative adjustment technique, the health impact of AFQT within the black sample remains slightly negative and statistically insignificant, while within the white sample the AFQT coefficient falls to .0377 and just misses the conventional cutoff for statistical significance, with a t-statistic of 1.57 and a p-value of .1160. The difference between the white and black coefficients is just on the threshold of statistical significance as well, with a p-value of .1163.
The reduction in the white AFQT coefficient is likely due to the fact that educational attainment and AFQT score are highly correlated, so that using only the portion of AFQT score which is not explained by educational attainment excludes many of the unobservable characteristics which AFQT score otherwise indexes. The presence of this issue is the reason that the adjustment method used in the main body of this paper relies on the estimate of education's causal effect on AFQT score provided by Hansen, Heckman & Mullin (2003) . Note that while the white AFQT coefficient is indeed smaller under this alternative adjustment method, it remains substantively large. The association between AFQT score and adult health within the white sample is of about the same magnitude as a $10,000 increase in average annual adult income, while within the black sample it is not meaningfully different from zero.
The fifth column of Table A1 reproduces the preferred specification for the black sample, but adds interaction terms of AFQT score with education and income. Both interaction terms are small and insignificant. Columns 6 through 8 investigate potential nonlinearities in the effect of AFQT score on health within the black sample by adding quadratic and cubic terms to the preferred specification and by estimating the preferred specification on a sample of blacks with AFQT scores above the population mean. In all cases, AFQT score remains an insignificant predictor of health among blacks. Table A2 shows results from three additional variants of the preferred specification.
The first two columns enter self-rated health in logs; the middle two columns use an un-weighted version of the sample; and the final two columns estimate the preferred specification as an ordered probit. In all cases, AFQT score is a large and statistically significant predictor of adult health for whites, but is small and insignificant for blacks.
